
Damp Indoor Spaces and Damp Indoor Spaces and 
Health: The IOM Report;Health: The IOM Report;

What It Means for SchoolsWhat It Means for Schools

Harriet M. Ammann, Ph. D.Harriet M. Ammann, Ph. D.
Diplomate of the American Board of ToxicologyDiplomate of the American Board of Toxicology

IOM Committee MemberIOM Committee Member
Washington Department of Ecology Washington Department of Ecology 

Air Quality ProgramAir Quality Program



The Institute of MedicineThe Institute of Medicine

•• Part of the National Academies of Part of the National Academies of 
ScienceScience

•• Chartered in 1970 to Chartered in 1970 to ““enlist members of enlist members of 
the medical and other professions in the medical and other professions in 
the study of problems that affect public the study of problems that affect public 
health.health.””



CDCCDC’’s charge to the committees charge to the committee

• Conduct a comprehensive review of the 
scientific literature regarding the 
relationship between damp or moldy 
indoor environments and the 
manifestation of adverse health effects, 
particularly respiratory and allergic 
symptoms

• Focus on fungi and their secondary 
metabolites, including mycotoxins



The committee assessed the The committee assessed the 
literature to answer these questionsliterature to answer these questions

•• What does science and experience tell us about What does science and experience tell us about 
damp buildings?damp buildings?

•• What do we know about assessing exposure to mold What do we know about assessing exposure to mold 
and other microbial agents?and other microbial agents?

•• What does science tell us about toxic effects of What does science tell us about toxic effects of 
molds and bacteriamolds and bacteria

•• Is there evidence linking indoor exposure to Is there evidence linking indoor exposure to 
dampness and dampnessdampness and dampness--related agents and health related agents and health 
outcomes?outcomes?

•• What are the elements of a dampness prevention or What are the elements of a dampness prevention or 
remediation effort and whatremediation effort and what’’s known about their s known about their 
effectiveness? effectiveness? 



Who are the Agents of Illness?Who are the Agents of Illness?
How do they make us ill?How do they make us ill?

•• Allergic agentsAllergic agents
molds, bacteria, dust mites, endotoxins, roaches, molds, bacteria, dust mites, endotoxins, roaches, 
bird and bat guano or dander (cat, dog, rodent)bird and bat guano or dander (cat, dog, rodent)

•• Toxic agentsToxic agents
bacterial endotoxins, mycotoxinsbacterial endotoxins, mycotoxins

•• Inflammatory agentsInflammatory agents
all listed above, plus all listed above, plus ββ--DD--glucans, mold VOCs, glucans, mold VOCs, 
gaseous and particulate air pollutantsgaseous and particulate air pollutants



Who are suspects for allergic, toxic, Who are suspects for allergic, toxic, 
and inflammatory reactions?and inflammatory reactions?
•• Mold Spores (assumed agents of Mold Spores (assumed agents of 

exposure)exposure)
•• Hyphal fragmentsHyphal fragments
•• Dust from growth substrateDust from growth substrate
•• BacteriaBacteria
•• Bacterial fragmentsBacterial fragments
•• Bacterial toxinsBacterial toxins
•• Fungal toxinsFungal toxins





What is the meaning of „Damp 
Environment“?



How do we measure exposure?How do we measure exposure?

•• Questionnaire studies and their Questionnaire studies and their 
problems:problems:

how do researchers describe how do researchers describe 
dampness?dampness?

Researcher observation?Researcher observation?
Report of occupants?Report of occupants?
Dampness?  Wet spots? History of Dampness?  Wet spots? History of 
water problems? Visible mold growth?water problems? Visible mold growth?
Sampling?Sampling?……by what means?by what means?



•• Exposure agents: imperfect means of Exposure agents: imperfect means of 
sampling presumed agents: mold and sampling presumed agents: mold and 
bacteria and their productsbacteria and their products

•• Are we measuring the right exposure Are we measuring the right exposure 
agents? agents? 

•• What is the relationship between What is the relationship between 
sampling and exposure of subjectssampling and exposure of subjects

•• Lack of biomarkersLack of biomarkers



Measurement of Agents Thought  Measurement of Agents Thought  
Associated with Health EffectsAssociated with Health Effects

•• Mold SporesMold Spores
•• BacteriaBacteria
•• EndotoxinEndotoxin
•• ΒΒ--DD--glucanglucan
•• MycotoxinsMycotoxins
•• Spore and hyphal fragments, small Spore and hyphal fragments, small 

particles generated by molds; substrate particles generated by molds; substrate 
dust with adsorbed allergens, toxinsdust with adsorbed allergens, toxins



Mold SporesMold Spores
•• Spore traps:Spore traps: pump pump 

collects dead and collects dead and 
live spores from air live spores from air 
onto transparent onto transparent 
slide; Identified by slide; Identified by 
microscopy; only a microscopy; only a 
few spores are few spores are 
distinctivedistinctive



Mold SporesMold Spores
•• Viable samplersViable samplers: Pump pulls air onto solid : Pump pulls air onto solid 

(agar) or liquid growth medium which is (agar) or liquid growth medium which is 
incubated and colonies isolated;  medium incubated and colonies isolated;  medium 
can be selective or generalcan be selective or general

•• Molds have differing nutrient, pH, water Molds have differing nutrient, pH, water 
requirements, compete for these and inhibit requirements, compete for these and inhibit 
each other.  And may not grow on medium or each other.  And may not grow on medium or 
grow differentiallygrow differentially

•• Sampler may destroy spores: wonSampler may destroy spores: won’’t growt grow



Where and when to sample?Where and when to sample?
•• Sampling times: minutesSampling times: minutes

air concentrations vary in time as air concentrations vary in time as 
molds bloom and vary by air molds bloom and vary by air 
currents, occupant activitycurrents, occupant activity

•• Number and place of sampling:Number and place of sampling:
indoor: outdoor (where?)indoor: outdoor (where?)
where are indices of contamination where are indices of contamination 
such as water stains, visible mold such as water stains, visible mold 
(to whom?), musty odors, etc.(to whom?), musty odors, etc.



Is there a need to sample here?Is there a need to sample here?



Why sample for any of the Why sample for any of the 
putative agents?putative agents?

•• To determine if contamination exists: is this To determine if contamination exists: is this 
possible or practicable? Are there better possible or practicable? Are there better 
means to find this out?means to find this out?

•• To determine exposure:  not likely because To determine exposure:  not likely because 
of temporal and location sampling limitationsof temporal and location sampling limitations

•• Relationship with health effects:  if you canRelationship with health effects:  if you can’’t t 
measure exposure, how can you determine a measure exposure, how can you determine a 
concentration effect relationship?concentration effect relationship?



Human Health EffectsHuman Health Effects
• Epidemiological studies were the primary 

source of information for health outcomes
– These mostly examine general population 

exposure to dampness or to dampness-related 
agents in the home; committee separated studies 
on “dampness” and “agents”

– A few clinical studies were considered
– The committee struggled to distinguish “lack of 

evidence” from “lack of study”



Categories of AssociationCategories of Association
The committee used a uniform set of qualitative The committee used a uniform set of qualitative 
categorizations to evaluate epidemiological categorizations to evaluate epidemiological 
studies: studies: 

–– Sufficient evidence: studies in which chance,  Sufficient evidence: studies in which chance,  
bias and confounding can be ruled out with bias and confounding can be ruled out with 
reasonable certaintyreasonable certainty

–– Limited/ suggestive association: chance, bias and Limited/ suggestive association: chance, bias and 
confounding cannot be ruled out with confidenceconfounding cannot be ruled out with confidence

–– Inadequate/ insufficient evidence of association: Inadequate/ insufficient evidence of association: 
existing studies are of insufficient quality, existing studies are of insufficient quality, 
consistency or statistical power to permit a consistency or statistical power to permit a 
conclusion of association.  Alternatively, no conclusion of association.  Alternatively, no 
studies exist that have examined a relationship. studies exist that have examined a relationship. 
Association could not be ruled in or out.Association could not be ruled in or out.



Association with Exposure Association with Exposure 
to Damp Environmentsto Damp Environments

•• Sufficient study and evidence of an Sufficient study and evidence of an 
association:association:
–– Asthma symptoms in sensitized personsAsthma symptoms in sensitized persons
–– CoughCough
–– Upper respiratory (nasal and throat)  tract Upper respiratory (nasal and throat)  tract 

symptomssymptoms
–– WheezeWheeze



Association with ExposureAssociation with Exposure
to Damp Environmentsto Damp Environments

•• Limited/ suggestive study, evidence of Limited/ suggestive study, evidence of 
an association:an association:
–– Asthma developmentAsthma development
–– Dyspnea (labored breathing)Dyspnea (labored breathing)
–– Lower respiratory illness in otherwise Lower respiratory illness in otherwise 

healthy, nonhealthy, non--atopic childrenatopic children



Association with Exposure Association with Exposure 
to Damp indoor Environments:to Damp indoor Environments:

Lacking, Inadequate/Insufficient StudiesLacking, Inadequate/Insufficient Studies
•• Airflow obstruction in Airflow obstruction in 

healthy personhealthy person
•• Mucous membrane Mucous membrane 

irritation syndromeirritation syndrome
•• Chronic obstructive Chronic obstructive 

pulmonary diseasepulmonary disease
•• Inhalation feversInhalation fevers
•• Lower respiratory Lower respiratory 

illness in healthy adultsillness in healthy adults
•• Acute idiopathic Acute idiopathic 

pulmonary hemorrhage pulmonary hemorrhage 
in infantsin infants

•• Skin symptomsSkin symptoms
•• Gastrointestinal Gastrointestinal 

symptomssymptoms
•• FatigueFatigue
•• Neuropsychiatric Neuropsychiatric 

symptomssymptoms
•• CancerCancer
•• Reproductive effectsReproductive effects
•• Rheumatologic and Rheumatologic and 

other immune disordersother immune disorders



Association with Presence of Mold or Association with Presence of Mold or 
Other Agents in Damp Indoor SpacesOther Agents in Damp Indoor Spaces

•• Sufficient evidence of an association:Sufficient evidence of an association:
–– Asthma symptoms in sensitized personsAsthma symptoms in sensitized persons
–– CoughCough
–– Hypersensitivity pneumonitis in susceptible Hypersensitivity pneumonitis in susceptible 

personspersons
–– Upper respiratory tract (nose, throat) symptomsUpper respiratory tract (nose, throat) symptoms
–– WheezeWheeze

•• Limited/Suggestive evidence of association:Limited/Suggestive evidence of association:
–– Lower respiratory illness in healthy  (nonLower respiratory illness in healthy  (non--atopic) atopic) 

childrenchildren



Association with Presence of Mold or Association with Presence of Mold or 
Other Agents in Damp Indoor SpacesOther Agents in Damp Indoor Spaces
Lacking, Inadequate or insufficient studies:Lacking, Inadequate or insufficient studies:

•• DyspneaDyspnea
•• Airflow obstruction in Airflow obstruction in 

healthy personshealthy persons
•• Mucous membrane Mucous membrane 

irritation syndromeirritation syndrome
•• COPDCOPD
•• Inhalation feversInhalation fevers
•• Lower respiratory Lower respiratory 

illness in healthy adultsillness in healthy adults
•• Asthma developmentAsthma development

•• Acute idiopathic Acute idiopathic 
pulmonary hemorrhage pulmonary hemorrhage 
in infantsin infants

•• Skin symptomsSkin symptoms
•• GI tract problemsGI tract problems
•• FatigueFatigue
•• Neuropsychiatric Neuropsychiatric 

symptomssymptoms
•• CancerCancer
•• Reproductive effectsReproductive effects
•• Rheumatologic and Rheumatologic and 

other immune diseasesother immune diseases



Role of Toxic andRole of Toxic and
Inflammatory Agents?Inflammatory Agents?

•• Less clear than allergic agents because Less clear than allergic agents because 
investigators investigators 
1. Did Not Sample for Toxic Agents (techniques few)1. Did Not Sample for Toxic Agents (techniques few)
2. Sampling Limited2. Sampling Limited
3. Toxic or inflammatory agents not 3. Toxic or inflammatory agents not 

determined or determined qualitativelydetermined or determined qualitatively
--lack of methods for determining carrier of lack of methods for determining carrier of 
toxicity, inflammation, lack of methods for toxicity, inflammation, lack of methods for 
identifying, quantifying exposure to toxic or identifying, quantifying exposure to toxic or 
inflammatory agentsinflammatory agents



Findings from Findings from 
Toxicity ChapterToxicity Chapter

•• MycotoxinMycotoxin--producing molds can and do grow in producing molds can and do grow in 
damp indoor spacesdamp indoor spaces

•• In vitro In vitro and animal studies show toxicity can occur and animal studies show toxicity can occur 
via inhalation and dermal exposurevia inhalation and dermal exposure

•• Such studies show adverse immunotoxic, Such studies show adverse immunotoxic, 
neurological, respiratory and dermal effectsneurological, respiratory and dermal effects

•• Such studies of toxigenic Such studies of toxigenic Stachybotrys chartarumStachybotrys chartarum
strains indicate biological plausibility for toxic strains indicate biological plausibility for toxic 
effects in humanseffects in humans

•• Biomarkers for exposure neededBiomarkers for exposure needed
•• Basic science of LOAEL/NOAEL needed for risk Basic science of LOAEL/NOAEL needed for risk 

assessmentassessment



Dampness Dampness 
Its Cause and PreventionIts Cause and Prevention

•• Water Intrusion (roof, walls, doors, Water Intrusion (roof, walls, doors, 
windows, foundation)windows, foundation)

•• Plumbing leaks, catastrophic accidentsPlumbing leaks, catastrophic accidents
•• FloodsFloods
•• CondensationCondensation

Much known about good design, Much known about good design, 
building practices: knowledge must be building practices: knowledge must be 
disseminateddisseminated



Dampness Dampness 
Its Cause and PreventionIts Cause and Prevention

•• Water Intrusion can be prevented by Water Intrusion can be prevented by 
appropriate design, best building appropriate design, best building 
practices, and proper maintenancepractices, and proper maintenance

•• When water intrusion occurs it must be When water intrusion occurs it must be 
dealt with promptlydealt with promptly

•• Condensation problems can be dealt Condensation problems can be dealt 
with through with through appropriate ventilationappropriate ventilation
and and prevention of overcrowdingprevention of overcrowding





Risiken (richtig) einschätzen .....
(True) Hazard Evaluation

Wissenschaftliche Risikokommunikation oder die Kunst, 
»Nichtwissen« zu managen G. Bechthold in Forum DKG 5/04



Risikowahrnehmung ...... 
Hazard Apprehension



Public Health ConcernPublic Health Concern

•• Precise extent of dampness problem Precise extent of dampness problem 
not known, but problem extends across not known, but problem extends across 
economic classes; substandard economic classes; substandard 
housing more affectedhousing more affected

•• Role in allergic disease alone Role in allergic disease alone 
significant; extent of toxic and significant; extent of toxic and 
inflammatory agents not well studied.  inflammatory agents not well studied.  
Significant needs for determining Significant needs for determining 
means of exposure, effects indoorsmeans of exposure, effects indoors



Children at RiskChildren at Risk

•• Lung, immune other defensesLung, immune other defenses
not fully formednot fully formed

•• Breathe more air per body weightBreathe more air per body weight
than adultsthan adults

•• School School occupancy per square foot occupancy per square foot 
greater than for any other buildinggreater than for any other building
except theaters (ventilation is key)except theaters (ventilation is key)

•• Long exposure hoursLong exposure hours



Prevention is KeyPrevention is Key
•• Proper design for climate, siting, Proper design for climate, siting, 

construction imperativeconstruction imperative
•• Awareness of moisture problems and Awareness of moisture problems and 

immediate attention imperativeimmediate attention imperative
•• Maintenance is imperative (yet maintenance Maintenance is imperative (yet maintenance 

budgets often first to be cut when school budgets often first to be cut when school 
budget belts are tightened)budget belts are tightened)

•• Investigation, remediation, cleanInvestigation, remediation, clean--up is far up is far 
more costlymore costly



Public Health InterventionPublic Health Intervention
•• While published intervention studies While published intervention studies 

are few (more since report published), are few (more since report published), 
methodologies for keeping buildings methodologies for keeping buildings 
dry and clean are known.dry and clean are known.

•• Education on several levels needed:Education on several levels needed:
-- architects, engineers, buildersarchitects, engineers, builders
-- home owners, building managershome owners, building managers
-- physicians, care giversphysicians, care givers
-- school districts, and all occupantsschool districts, and all occupants



Committee RecommendationsCommittee Recommendations
•• Building dampness is a public health problem that Building dampness is a public health problem that 

should be addressed at the local, state and federal should be addressed at the local, state and federal 
levellevel

•• HUD should provide support for consensus HUD should provide support for consensus 
guidelines on building design, construction, guidelines on building design, construction, 
maintenance for prevention of moisture problemsmaintenance for prevention of moisture problems

•• Basic science on exposure, toxicity, efficacy of Basic science on exposure, toxicity, efficacy of 
moisture control, and remediation of contamination moisture control, and remediation of contamination 
is needed and should be funded is needed and should be funded 

•• Public outreach to occupants, and to those Public outreach to occupants, and to those 
responsible for design, construction and responsible for design, construction and 
maintenance for prevention and remediation of maintenance for prevention and remediation of 
moisture problems is neededmoisture problems is needed
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